Background: Primary open angle glaucoma (POAG) is associated with older age. Antiglaucoma medications (AGM) are the cornerstones in the management of POAG. However, the relationship between AGM utilization, patients' medication adherence (MA) and the therapeutic outcome remains largely unexplored among older persons. Objective: This study aimed to evaluate AGM utilization patterns, patients' MA and intraocular pressure (IOP) reduction among older persons. Methods: This study was a 5-year retrospective review of medical records of consecutively selected older persons diagnosed of POAG at a University teaching hospital, in southwest Nigeria. Older persons were included if (1) aged 65 years and above, (2) had attended the outpatient ophthalmic clinics of the hospital between January 2010 and December 2015 (3)had at least 1-year clinic attendance during the period. The relationship between AGM utilization, patients' self-reported MA and physicians' comments on IOP was evaluated. A bivariate analysis was carried out to determine associations between variables and MA. Factors associated with IOP reduction were determined using a logistic regression. p<0.05 was considered statistically significant. Results: The carbonic anhydrase inhibitors comprised (66/191; 34.6%) of the total 191 AGM prescriptions. Majority of the participants (36/60; 60.0%) had reduced IOP with AGM alone, of which (13/36;36.1%) were on triple AGM. The participants' MA (p=0.01) and number of AGM (p=0.04) were significantly associated with IOP reduction among the participants in a logistic regression. Conclusion: The number of AGM prescribed and the patients' medication adherence can influence IOP reduction among older persons with POAG.
Introduction
Glaucoma is a major cause of irreversible blindness globally. 1 The Africans are more burdened by the disease and have a greater risk of the disease progressing to blindness than other people in the world. 2 In Nigeria more than 5% of the population aged ≥ 40 years were already affected in 2007. 3 The Primary Open Angle Glaucoma (POAG) which is the most prevalent glaucoma entity in Africa is reported to blind 1% of Africans and approximately 150,000 people older than 40 years in Nigeria. 4 Many reasons including poor access to ophthalmic care, cost of antiglaucoma medications, lack of education regarding the disease and poor medication adherence (MA) among the diagnosed patients accounted largely for the observation. 5, 6 The POAG results from the optic nerves damage due to elevation of ocular pressure. 7 The disease is associated with genetics, older age, intraocular pressure (IOP) and environmental influence. 4, 8 However, a raised IOP seems to be the only treatable risk factor for POAG, and is thus the target of many treatment procedures such as surgery, laser therapy and AGM. 9, 10 Surgery is however reportedly unpopular in Africa due to the scarcity of ophthalmologists on the continent and its higher failure rate among African patients. 4, 11 The AGM have a proven record of efficacy in reducing the IOP and reducing the risk of visual field loss in patients with POAG. 12 There are 5 different classes of AGM currently being used in clinical practice. These include beta adrenergic antagonists (Timolol, Betaxolol), Prostaglandin analogues (Latanoprost, Travoprost), alpha adrenergic agonists (Briminidine), carbonic anhydrase inhibitors (Brinzolamide, Acetazolamide) and cholinergic agents (Pilocarpine). 13 These medications are either used alone or in combination. However, the decision to combine, switch and adjust a medication is often a grey area in clinical practice and variation exists among ophthalmologists. 14 However, in the choice of any medication therapy option, the efficacy, patient's adherence and cost effectiveness of therapy are important. 10 The POAG requires chronic medications and like any other chronic diseases, the clinical outcome depends significantly on the patients' MA. Medication adherence in POAG is influenced by many factors including patient's socio-economic demographics, cost of AGM, difficulty in eye drops administration especially among the older persons and the side effects of the AGM. 6, 15, 16 The AGM are the cornerstones in the management POAG among older persons. However, the relationship between AGM utilization, patients' MA and IOP are relatively rare in the literature. This study aimed to evaluate associations between AGM utilization, patients' MA and IOP reduction among older persons. Methods A 5-year retrospective study was carried out among older persons at Olabisi Onabanjo University teaching hospital, Sagamu, Nigeria, using a medical chart review. Eligible participants were included in the study if aged 65 years and above, attended the ophthalmology outpatient clinics between 1 st January 2010 and 31 st December 2015, had a diagnosis of POAG and had at least a year clinic attendance, with a history of AGM prescription for at least 1year during the period. Eligible participants with incomplete information in their medical charts and those whose medical records were not available at the medical record office at the time of the data collection were excluded. The participants' medical records were identified using the clinic register which had unique case serial numbers to differentiate between the firsttime patients and those on repeat visits. The medical records of eligible participants were consecutively selected. Information including participants' sociodemographics, medical history, medication history, physicians' notes on participants' MA and IOP were extracted from the participants' medical records. The total number of older persons with glaucoma registered in the facilities within the study period was noted and this was confirmed by records of diagnosis in the patients' medical records. Where discrepancies existed between the diagnosis on the register and the participants' medical records, the diagnoses in the participants' records were adopted. IOP reduction was considered as the therapeutic outcome. The study participants were classified into 3 groups based on the level of IOP reduction. The classes included participants with reduced IOP on medications alone, participants with fluctuating IOP on medications alone and participants with reduced IOP after surgery. Evaluation of the prevalence of POAG, antiglaucoma medication utilization and therapeutic outcome among the study participants The prevalence of POAG diagnosis was determined using the total number of older persons with diagnosis of glaucoma as denominator. The AGM utilization pattern was assessed using a retrospective analysis of medications prescribed to individual participants. Antiglaucoma medications were categorized using the pharmacological classification. The number and names of AGM prescribed for individual participants before the last visit was noted. Where acetazolamide was prescribed, the frequency of potassium supplements with acetazolamide prescriptions was evaluated. Physicians' comments on IOP at the participants' last visits, and notes on participants' MA were retrieved from the records.
Determination of the cost of antiglaucoma medications
The costs of AGM were determined using the prevailing average wholesale prices in the local drug market at the time of the study. The average cost for three commonly prescribed generic brands of each AGM in the clinic was used except where no generic existed in the Nigerian market at the time of study. The cost of 5ml bottles was used for all the topical medications. A standard application method for topical application was used to determine the number of drops in the 5ml bottle. A likely 10% wastage due to participants' misapplication was deducted. The total cost of AGM in each prescription was then calculated. The monthly cost of the prescribed AGM was calculated for each participant using the dosing patterns and the average cost of each medication.
Association between cost of AGM, medication adherence and IOP
Physicians' notes on MA were based on participants' self-reports and this was applied in the study. The outcome of therapy was determined by the reduction in IOP as recorded in the physicians' notes.
Statistical analysis
Data were analyzed using Statistical Package for Social Sciences (SPSS version 20). The results were presented using descriptive statistics such as frequencies and percentages. Associations were determined using Chi-squared test. Factors associated with IOP reduction among the participants were determined using a logistic regression model.P<0.05 was considered statistically significant. Ethical clearance: The study was carried out between September 2016 and January 2017 after approval from the hospital's health research ethics committee. The ophthalmology department also granted permission for the study. were not significantly associated with MA. 
Results

Prevalence of POAG
Association of variables with medication adherence among the study participants
Discussion
This study assessed the relationship between AGM, patients' MA and IOP reduction among older persons with diagnosis of POAG in Nigeria. The POAG was more frequently diagnosed than closed angle glaucoma among the study population. This observation was consistent with previous reports on the prevalence of POAG among the African general population. 8, 17 The prevalence in this study (82.9%) was comparable with the national prevalence of POAG in Nigeria (86.0%) and 87.0% earlier reported in Epic-Norfolk Eye study in Norwich. 3, 18 The prevalence of POAG in this study was however lower than 94.5% reported in the urban West African population. 2 This study observation is significant considering the high rate of blindness and economic burden associated with POAG in Africa and in Nigeria specifically. 4 The observation of this study should necessitate a public health policy towards reducing the disease in the country. The males were also more affected with POAG than the females in this study. This observation concurred with many reports on gender difference in the prevalence of POAG among glaucoma patients in Nigerian and many parts of the globe. 3, 17, 18 Medication utilization pattern reflects the knowledge, experience and the practitioners' stance on disease management approach. It may also depict the state of healthcare delivery in a facility. 19 The carbonic anhydrase inhibitors were the most frequently prescribed AGM class in this study. This observation contradicted previous reports that showed beta adrenergic antagonist as the most frequently utilized AGM among POAG patients. 20 This result was surprising. This is because carbonic anhydrase inhibitors are recommended as second line medication therapy in POAG. They are more expensive and require more frequent dosing than the betaadrenergic antagonist class of antiglaucoma. 13 Betaadrenergic antagonists are however associated with side effects such as hypoglycemia, bronchospasm, bradycardia, dry eyes and depression. 12 These side effects may add to the disease burdens of older persons. It is therefore possible that the prescribers preferred the carbonic anhydrase inhibitors to betaadrenergic antagonists in older persons due to the afore-mentioned side effects of the beta-adrenergic antagonists. Timolol, a beta-adrenergic antagonist was the most prescribed antiglaucoma monotherapy among the study populationsimilar to previous reports on antiglaucoma utilization patterns among POAG patients. 20, 21 In this study the combination of latanoprost, timolol and acetazolamide treatment regimen appeared to be the most effective therapy among the participants. The majority of the participants with reduced IOP on medication alone were on this triple regimen. However, the cost implication of this triple regimen may be unbearable for the older persons, especially in a country such as Nigeria where government supports for older persons are almost non-existent. Latanoprost (Prostaglandin analogue) when used as a first line monotherapy in POAG, or in combination with beta-adrenergic antagonistproduces good hypotensive effect. 12, 13 Acetazolamide (carbonic anhydrase inhibitor) is often prescribed by oral route and administered three times daily. However, acetazolamide in many cases will need to be supplemented with potassium to minimize the hypokalemia-induced paresthesia associated with the medication. 22 This additional prescription increases the cost of therapy.
The average monthly cost of medication in this study was #12,440 ($83) higher than #6,000 ($40) was previously reported in the country. 4 This could however be associated with the inflation in the country. This monthly spending on AGM was high considering the Nigeria national monthly minimum wage of #18,000 ($120). The average monthly cost of antiglaucoma in this study was equivalent to twothird of the minimum wage. In addition, the older persons in Nigeria were not under any insurance cover at the time of this study. A previous study in the country associated a high cost of eye drops to disease progression to blindness among patients with POAG. 16, 22 In addition, high cost of medication can reduce access to ophthalmic care among older persons. There is therefore the need for the Nigerian government to consider subsidizing the AGM, especially for the older population. Antiglaucoma medications have proven records of lowering IOP and reducing vision loss among POAG patients. 1, 12, 13 However, patients' adherence to AGM is critical to achieving the goal of the therapy. Majority of the study population (81.6%) were adherent to their medication, based on patients self-reported MA, documented by the physicians. This observation was unexpected considering the cost of treatment and the prevailing economic conditions in Nigeria during the period of study. In addition, majority of the study population also had other comorbidities with additional health care costs. The observation of this study contradicted previous reports that reported lower rate of MA among the general population of glaucoma patients. 4, 15 The result of this study was however consistent with the observation of a similar study that reported 89% MA among POAG patients. 23 The traditional support system for older persons in the Nigerian society could however have played a role in this study observation. In addition, the fear of blindness could also have motivated the patients to adhere to their AGM. 16 Blindness impacts on physical, psychological and the economic wellbeing of an individual especially in the African society. The patients could also have over-estimated their MA. This is a known fact among patients. 24 The patients' MA significantly influenced therapeutic outcome (IOP reduction) in this study. The result of this study was consistent with previous reports on the influence of MA on therapeutic outcome among glaucoma patients. 9, 23 It is worthy of note that among many variables explored, only the number of AGM and MA were consistently associated with IOP reduction. To the best of author's knowledge, this was the first study to identify number of AGS as a predictor of IOP reductions among POAG. It is therefore important that healthcare practitioners design appropriate measures to improve patients MA while they are on multiple regimen.
Limitations
This study was non-probabilistic and the sample size was small. This was however due to the prevalence of disease in the healthcare facility studied. This study was retrospective and therefore much information could not be verified. Many of the patients' charts did not contain IOP measurements in figures and therefore the claim of IOP reduction by the physicians could not be established based on the standard measurement. This study assumed that a milliliter of the eye drops contains 20 drops, however, it is acknowledged that there could be variations in the volume and number of drops between 2 different generic products of the same medication.
Conclusions
The POAG was the most prevalent glaucoma entity among the study population. Triple regimen was associated with positive therapeutic outcome (reduced IOP) among the study population. Patients MA is key to achieving reduced IOP among older persons with POAG. The effectiveness of various combinations of the AGM and other treatment options in reducing IOP should be further explored among older persons. This is necessary to promote value-based healthcare.
